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(57) ABSTRACT 

A computing device can capture video data of at least a 
portion of a mouth area (e.g., mouth, lips, tongue, chin, jaw) 
ofa user of the device. The computing device can also capture 
Sound data including a voice of the user as well as noise (e.g. 
background noise). The video data can be processed to detect 
a movement of the portion of the mouth area. The movement 
of the portion of the mouth area can be analyzed and com 
pared with mouth area movement models characteristic of 
oral communication (e.g., speech, Song). If the movement of 
the portion of the mouth area corresponds to at least one 
model characteristic of oral communication, then the move 
ment indicates that the user is likely engaging in oral com 
munication. Noise reduction can be applied and/or increased 
on the captured Sound data to reduce noise and in turn 
enhance the user's voice. 
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1. 

NOISE REDUCTION BASED ON MOUTH 
AREA MOVEMENT RECOGNITION 

BACKGROUND 

Communication is an important aspect of modern life. 
People use client computing devices, such as Smartphones, 
tablets, and laptops, to communicate with others every day. 
For example, a user can use his/her client computing device to 
call a parent, video chat with a friend, and send Voice mes 
sages to a colleague. However, a user using a computing 
device to communicate with another might not always be in 
an ideal environment for clear communication, such as a 
quiet, secluded area. In fact, the user may frequently be in 
noisy environments. For example, the user may be at a bar, at 
a restaurant, at a party, or on a bus, where the background 
noise can interfere with or drown out the user's own voice 
during communication. Conventional noise cancellation 
attempts to cancel out Such background noise, typically by 
applying noise cancellation on the overall, continuous Sound 
retrieved by a microphone. However, conventional noise can 
cellation can be inadequate or insufficient because conven 
tional approaches do not effectively take into account all of 
the factors Surrounding human oral communication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments in accordance with the present dis 
closure will be described with reference to the drawings, in 
which: 

FIG. 1A illustrates an example environment in which 
aspects of the various embodiments can be utilized: 

FIG.1B illustrates an example right profile view of the user 
and the computing device from the example environment of 
FIG. 1A: 

FIG. 1C illustrates an example left profile view of the user 
and the computing device from the example environment of 
FIG. 1A: 

FIG. 2A illustrates an example system embodiment for 
noise reduction based on mouth area movement recognition; 

FIG. 2B illustrates an example system embodiment for 
noise reduction based on mouth area movement recognition; 

FIG.3 illustrates an example system embodiment for noise 
reduction based on mouth area movement recognition; 

FIG. 4 illustrates an example system embodiment for noise 
reduction based on mouth area movement recognition; 

FIG. 5 illustrates an example method embodiment for 
noise reduction based on mouth area movement recognition; 

FIG. 6 illustrates an example method embodiment for 
noise reduction based on mouth area movement recognition; 

FIG. 7 illustrates an example device that can be used to 
implement aspects of the various embodiments; 

FIG. 8 illustrates example components of a client device 
such as that illustrated in FIG. 7; and 

FIG.9 illustrates an environment in which various embodi 
ments can be implemented. 

DETAILED DESCRIPTION 

Systems and methods in accordance with various embodi 
ments of the present disclosure overcome one or more of the 
above-referenced and other deficiencies in conventional 
approaches to noise reduction during oral communication. 
Various embodiments attempt to reduce noise when it is 
determined that a user is engaging in oral communication. In 
particular, various embodiments use a camera (or other 
device) to capture image information of a portion of a user's 
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2 
mouth area (e.g., mouth, lips, chin, jaw), process the image 
information to determine whether the user is likely engaging 
in oral communication, and reduce noise when it is deter 
mined that the user is likely engaging in oral communication. 

In some embodiments, a computing device can provide 
noise reduction based on mouth area movement recognition. 
For example, the computing device can receive image infor 
mation showing at least a portion of a mouth area of a user of 
the device. The image information can be received from one 
or more image capture components. The device can also 
receive audio information. The audio information can be 
received from one or more audio capture components. The 
audio information can include at least a sound from the mouth 
of the user. The image information can be processed to deter 
mine a movement of the portion of the user's mouth area. If it 
is determined that the movement of the portion of the user's 
mouth area indicates that the user is likely engaging in oral 
communication, then noise reduction can be applied on the 
audio information in real-time. Noise included in the audio 
information can thus be reduced, and the sound from the 
user's mouth can be enhanced. 

In some embodiments, a computing device can use its 
microphone to capture Sound data including Voice data from 
a user of the device. The captured sound data can also include 
noise (e.g., unintentional background noise). The computing 
device can use its camera to capture video data showing at 
least a portion of a mouth area of the user. The captured video 
data can be processed in order to determine? detect a move 
ment of the portion of the user's mouth area. If the movement 
is determined/recognized to indicate that the user is likely 
speaking, then noise cancellation can be applied on the cap 
tured sound data to reduce noise in real-time. As such, the 
noise in the Sound data captured by the microphone is 
reduced, resulting in better Sounding voice data from the user. 
The Sound data including the user's voice data and with 
reduced noise can be transmitted over a communication net 
work. 

In some embodiments, when it is determined that the user 
is likely not engaging (or intending to engage) in communi 
cation, transmission of sound (e.g., voice) data can be paused/ 
terminated and/or one or more audio capture components 
(e.g., microphones) of the computing device can be disabled/ 
muted. For example, if it is determined that the user is not 
moving his/her lips or merely using his/her mouth to eat/ 
chew, then he/she is not engaging in oral communication. As 
Such, there is no need to capture and transmit sound data, and 
the other endpoint(s) of the communication will not need to 
receive/hear unnecessary background noise. 

FIG. 1A illustrates an example environment 100 in which 
aspects of the various embodiments can be utilized. In some 
embodiments, the example environment 100 can include a 
computing device 102, one or more image capture compo 
nents 104 on the computing device 102, and one or more 
audio capture components 106 on the computing device 102. 
The one or more image capture components 104 can capture 
image/video data of the user 108. The one or more audio 
capture components 106 can capture Voice and Sound from 
the user 108 for engaging in oral communication. Thus, a user 
108 of the computing device can engage in oral communica 
tion using the computing device 102. For example, the user 
108 can use the computing device 102 to place a telephone 
call, to engage in video chatting, to record and send Voice 
messages, etc. 
FIG.1B illustrates an example right profile view of the user 

and the computing device from the example environment of 
FIG. 1A. FIG. 1C illustrates an example left profile view of 
the user and the computing device from the example environ 
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ment of FIG. 1A. With reference to FIG. 1B and FIG. 1C, the 
user 108 can use the computing device 102 to engage in oral 
communication, such as to make a telephone call, for 
example. The computing device 102 can have at least one 
image capture component 104. Such as a camera. The at least 
one image capture component 104 can capture image (e.g., 
video) information of at least a portion of the user's 108 
mouth area, for example, including his/her lips, mouth, 
tongue, chin, and/or jaw. In some embodiments, the image 
capture component 104 can be located at a bottom corner of 10 
the computing device 102. For example, an image capture 
component 104 can be located at the bottom left corner of the 
face of the computing device 102, assuming that a user is 
likely right-handed and will bring his/her computing devices 
next to the right side of his/her face when making phone calls 
Such that the image capture component at the bottom left 
corner will have a view of his/her mouth area. It is also 
contemplated that the at least one image capture component 
104 can be located at various other locations on the comput 
ing device 102, such as at the bottom right corner or bottom 
Center. 

FIG. 2A illustrates an example system embodiment for 
noise reduction based on mouth area movement recognition. 
In some embodiments, a computing device 202 can comprise 
one or more image capture components 204 to capture image 
information about at least a portion 206 of a user's 208 mouth 
area. For example, at least one image capture component 204 
(e.g., camera) on the computing device 202 can capture (e.g., 
record, obtain, gather) video data about at least a portion 206 
of the user's 208 mouth area, which can include the user's 
mouth, lips, teeth, tongue, chin, jaw, etc. The video data 
captured can be processed and analyzed to detect and recog 
nize the mouth area of the user208. If it is determined that one 
or more movements of the user's mouth area in the video data 
correspond to movements characteristic of oral communica 
tion, then it is likely that the user is engaging in oral commu 
nication. 

In some embodiments, a plurality of image capture com 
ponents 204 (e.g., cameras) on the computing device 202 can 
be utilized to capture/record image information about the at 
least the portion 206 of the mouth area of the user 208, as 
illustrated in FIG. 2B. For example, in some embodiments, 
the user 208 can be making a phone call with the computing 
device 202 and placing the device against his/her head, 
thereby blocking the view of one of the cameras; in this case, 
another camera that has a view of the mouth area can be used 
to obtain image data of the portion 206 of the user's mouth 
area. Similarly, if the user 208 is using headset mode, speaker 
phone, or hands-free mode on his/her computing device 202 
and has placed the device 202 such that one of the device's 
cameras does not have a view of the user's mouth area, 
another camera that has a view of the user's mouth area can be 
utilized. 

In some embodiments, multiple cameras 204 can be used 
together for capturing image data. For example, multiple 
cameras can capture the same portion 206 of the user's mouth 
area to corroborate and verify the captured video data with 
each other, thereby increasing the accuracy of the video data. 
Additionally or alternatively, multiple cameras can capture 
different portions of the user's mouth area. For example, one 
camera can focus on the user's lips while another focuses on 
his/her jaw. 

In some embodiments, one camera can be used for a certain 
task and another camera for another task. For example, if the 
user is engaging in video chat (e.g., webcam conferencing) 
using one camera, another camera can be used for capturing 
mouth area video data. In some embodiments, one camera 
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4 
can perform multiple tasks, such as simultaneously providing 
for both video chatting and capturing video information of the 
mouth area. 

In some embodiments, the example system embodiment 
can already have access to various models of mouth area 
movements which are known (e.g., predefined, already deter 
mined) to correspond to oral communication (e.g., talking, 
singing, etc.). The example system embodiment can compare 
the captured video data of the mouth area to one or more of the 
known mouth area movement models. If the movement of the 
user's mouth area in the video data matches/corresponds to 
one or more of the predefined mouth area movement models 
known to be associated with (e.g., characteristic of) speech, 
for example, then the movement of the user's mouth area 
Suggests that the user is likely engaging in speech. In some 
embodiments, known mouth area movement models of oral 
communication can include mouth area movement models 
for talking, singing, shouting, Screaming, sighing, etc. 

FIG. 3 illustrates an example system embodiment 300 for 
noise reduction based on mouth area movement recognition. 
With reference to the example system embodiment 300, in 
Some embodiments, there can be a computing device 302 
comprising an image capture component 304, an audio cap 
ture component 306, an image processing component 308, a 
noise reduction component 310, and a model library 312. The 
image capture component 304 can be a camera on the com 
puting device 302 for capturing image (e.g. video) data, 
including image data for a portion of a mouth area of a user of 
the computing device 302. The audio capture component 306 
can be a microphone on the computing device for capturing 
Sound data, including Sound data of the user (e.g., user's 
voice). 
The image process component 308 can process the image 

data captured by the image capture component 304 to deter 
mine (e.g., detect, identify) a movement of a mouth area of a 
user. The image process component 308 can communicate 
with the model library 312 to analyze the movement of the 
mouth area. The model library 312 can store one or more 
models of mouth area movements know/predefined to be 
characteristic of oral communication (e.g., speaking, sing 
ing). The image process component 308 can compare the 
movement of the mouth area from the image data with one or 
more models stored in the model library 312. If the movement 
of the mouth area from the image data matches/corresponds 
to one or more models in the model library 312 that are 
characteristic of oral communication, then the movement of 
the mouth area can be recognized/denoted as representing 
oral communication. As such, when it is determined that a 
movement of the mouth area of the user corresponds to a 
model for oral communication, it is an indication that the user 
is likely engaging in oral communication. 

In some embodiments, determining and/or recognizing a 
movement of the mouth area can utilize, at least in part, facial 
recognition and/or feature detection. In some embodiments, 
determining and/or recognizing a movement of the mouth 
area can require a minimum level of training for the comput 
ing device. In some embodiments, one or more models char 
acteristic of oral communication can be built and/or trained 
based on the mouth area movements of the user. 
When the movement of the mouth area of the user corre 

sponds to a model for oral communication (e.g., when the 
user is likely engaging in oral communication), the noise 
reduction component 310 can implement and/or increase 
noise reduction (e.g., noise cancellation). For example, the 
user can be making a phone call using the computing device 
in a noisy setting, such as at a bar or party, and/or there can be 
noise coming from the other end of the communication chan 
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nel (e.g., a user at the other end is using speaker-phone mode 
and/or also in a noisy setting). When the computing device 
detects that the user is engaging in oral communication (e.g., 
speaking), the computing device can reduce or cancel out the 
background noise of the noisy environment and/or noise from 
the other end, thereby improving the quality of the user's oral 
communication. In some embodiments, the computing 
device can deactivate/mute the computing device's audio 
capture component (e.g., microphone) when it is determined 
that the user's mouth area is not moving in accordance with a 
model for oral communication (e.g., the mouth area is not 
moving, the mouth area movement corresponds to eating/ 
chewing, etc.). As a result, the quality of the sound transmis 
sion from the user to other end can be improved as the noise 
is reduced. 

In some embodiments, the computing device can automati 
cally adjust the amount of noise reduction applied. The noise 
reduction can be automatically adjustable based on a Sound 
quality (e.g., Volume, clarity) of the Sound from the user 
relative to that of the noise. For example, if the computing 
device detects a high level of noise relative to the user's voice, 
the device can increase noise reduction; or if the user's voice 
is very soft and can be affected by noise reduction, then the 
computing device can decide to decrease noise reduction. 

In some embodiments, the user can manually pause or 
deactivate noise reduction based on mouth area movement. 
For example, if the user is at a concert and wants the Sounds 
in his/her environment to be transmitted to the other end, the 
user can pause/deactivate the noise reduction Such that the 
background Sounds (that might otherwise have qualified as 
noise) can be communicated to the other end, independent of 
any movement of the user's mouth area. In another example, 
the user can pause/deactivate the noise reduction to play a 
Sound from a media system (e.g., television, music player, 
etc.) to be communicated to the other end. 

FIG. 4 illustrates an example system embodiment 400 for 
noise reduction based on mouth area movement recognition. 
In some embodiments, the example system 400 can comprise 
a first computing device 402 of a first user 414. The first 
computing device 402 can comprise an image capture com 
ponent 404, an audio capture component 406, an image pro 
cessing component 408, a noise reduction component 410. 
and a model library 412. In some embodiments, there can also 
be a communication network 416 through which the first user 
414 can communicate with a second user 418 using a second 
computing device 420. 

For example, the first user 414 can be in a noisy environ 
ment, such as on abus, while trying to use his/her computing 
device 402 to orally communicate (e.g., including video chat, 
webcam conference, etc.) with the second user 420. The 
computing device 402 of the first user 414 can gather image 
information about at least a portion of the first user's 414 
mouth area, for example, when the user 414 initiates the 
communication (e.g., places a phone call, starts video chat, 
etc.). The image information can be video data about the 
portion of the first user's 414 mouth area. The computing 
device 402 can process the video data of the mouth area to 
determine whether or not a movement of the portion of the 
user's 414 mouth area corresponds to one or more models in 
the model library 412 that are characteristic of oral commu 
nication. If so, the computing device 402 can recognize the 
mouth area movement as corresponding to oral communica 
tion, which indicates that the user 414 is likely engaging in 
oral communication. As such, the computing device 402 can 
automatically attempt to reduce any undesired noise, such as 
that coming from being on the noisy environment of the bus. 
The oral communication from the user 414, having noise 
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6 
reduced, can be transmitted over a communication network 
416 (e.g., cellular network, Internet, intranet, LAN, WLAN, 
etc.) to the second computing device 420 to be received by the 
second user 418. 

In some embodiments, when the computing device 402 
determines that the user 414 is not likely engaging in oral 
communication, the noise reduction component 410 needs 
not apply/increase noise reduction. In some embodiments, 
when it is determined that oral communication by the user 
414 is not likely occurring, the audio capture component 406 
of the device 402 can be deactivated/muted and/or the trans 
mission paused/terminated, such that the second user 418 will 
not receive (e.g., hear) noise. 

FIG. 5 illustrates an example method embodiment 500 for 
noise reduction based on mouth area movement recognition. 
It should be understood that there can be additional, fewer, or 
alternative steps performed in similar or alternative orders, or 
in parallel, within the scope of the various embodiments 
unless otherwise stated. The example method embodiment 
500 can engage in communication over a network at step 502. 
The communication can be an oral communication which 
includes transmission of Voice data. For example, a comput 
ing device can transmit (and receive) voice data to (and from) 
another device over a cellular network and/or the Internet. At 
step 504, video information showing at least a portion of a 
mouth area of a user of the computing device can be captured 
using a camera on the computing device. At step 506, audio 
information including an amount of noise as well as Voice 
data generated by the user can be captured using a micro 
phone of the computing device. The video information can be 
processed in order to determine a movement of the portion of 
the mouth area of the user, at step 508. For example, image 
processing can be applied to determine/detect the portion of 
the mouth area and its movement(s). In some embodiments, 
facial recognition and/or feature detection can be utilized to 
determine/recognize movements of the portion of the user's 
mouth area. 

If the movement of the portion of the mouth area is deter 
mined/recognized to indicate that the user is likely speaking 
508, then noise cancellation can be applied on the audio 
information in real-time to reduce noise 510. For example, 
noise cancellation techniques and/or algorithms can include, 
but are not limited to, active noise control/reduction, adaptive 
filtering, non-adaptive filtering, etc. At step 512, the audio 
information including the user's voice data and with noise 
reduced/cancelled can be transmitted during the communica 
tion over the network. 

Optionally, in some embodiments, if it is determined 508 
that the user is likely not speaking, then audio information 
transmission over the network can be paused and/or termi 
nated 514. Additionally or alternatively, the microphone of 
the device can be paused and/or muted 514. In some embodi 
ments, an audio level (e.g., Volume, clarity, Sound quality, 
etc.) of the audio information can be additionally or alterna 
tively reduced 514. As such, no unnecessary Sounds (e.g., 
when the user is not intending to speak) need to be transmitted 
to the other endpoint(s) of the communication. 

FIG. 6 illustrates an example method embodiment 600 for 
noise reduction based on mouth area movement recognition. 
It should be understood that there can be additional, fewer, or 
alternative steps performed in similar or alternative orders, or 
in parallel, within the scope of the various embodiments 
unless otherwise stated. The example method embodiment 
600 can receive image information showing at least a portion 
of a mouth area of a user of the computing device 602. The 
image information can be received from one or more image 
capture components, such as cameras on the device. At step 
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604, the example method embodiment 600 can receive audio 
information including at least a Sound from a mouth of the 
user. The Sound from the user's mouth can include speaking, 
singing, shouting, sighing, etc. The example method 600 can 
continue by processing the image information to determine a 
movement of the portion of the mouth area of the user 606. 
When the determined movement of the portion of the user's 
mouth area indicates that the user is likely engaging in oral 
communication 608, the example method 600 can apply noise 
reduction on the audio information in real-time to reduce 
noise, thereby enhancing the Sound from the user's mouth 
610. 

In some embodiments, a beginning of incoming Sound 
from a user (e.g., user's voice) can be correlated to a begin 
ning of a movement of a portion of the user's mouth area 
determined. In other words, when a movement of the mouth 
area is initially determined, that can be an indication of 
incoming Sound from the mouth. For example, a device's 
audio capture component can be disabled or turned off. When 
the computing device determines from image information 
that the user is moving (or starting to move) his/her lips 
indicating incoming Voice data, then the device can turn on or 
enable its audio capture component to capture the incoming 
voice data from the user. 

In some embodiments, speech-to-text assistance can be 
implemented. For example, image data including lip and/or 
tongue movements can be captured by the image capture 
component. The image data can be processed and analyzed to 
determine any phonemes (e.g., words) that are spoken by the 
user. In some embodiments, the image data showing the 
user's lip/tongue movements can be compared with lip? 
tongue movement models in the model library that are char 
acteristic of specified phonemes/words. For example, the 
word “hello” can have a particular lip/tongue movement 
model associated with it. If the image data including the 
user's lip/tongue movement is processed and it is determined 
that the user's movement corresponds to the movement 
model characteristic of “hello, then the user's spoken word 
can be transcribe from speech into text. As such, the present 
disclosure allows for speech/voice transcription based on 
mouth area movement recognition. Additionally or alterna 
tively, the present disclose at least allows for speech/voice 
transcription assistance, such as by Verifying the accuracy of 
other speech-to-text approaches or by Supplementing other 
speech-to-text approaches. 

Furthermore, various embodiments consistent with the 
present disclosure can be implemented for multiple comput 
ing devices engaging in communication. For example, in 
Some embodiments, a first computing device (e.g., having a 
camera but no noise reduction capability) can capture image 
data, process the image data to recognize mouth area move 
ment, and signal to a second computing device (e.g., having 
noise reduction capability) to apply noise reduction on oral 
communication received from the first device when a first 
user of the first device orally communicates. In some embodi 
ments, the first device (e.g., not having image processing 
capability) can transmit image data of the mouth area of the 
first user to the second device (e.g., having image processing 
capability) for processing and mouth area movement recog 
nition. 

FIG. 7 illustrates an example electronic user device 700 
that can be used in accordance with various embodiments. 
Although a portable computing device (e.g., an electronic 
book reader or tablet computer) is shown, it should be under 
stood that any electronic device capable of receiving, deter 
mining, and/or processing input can be used in accordance 
with various embodiments discussed herein, where the 
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devices can include, for example, desktop computers, note 
book computers, personal data assistants, Smart phones, 
Video gaming consoles, television set top boxes, and portable 
media players. In this example, the computing device 700 has 
a display screen 702 on the front side, which under normal 
operation will display information to a user facing the display 
screen (e.g., on the same side of the computing device as the 
display screen). The computing device in this example 
includes at least one camera 704 or other imaging element for 
capturing still or video image information over at least a field 
of view of the at least one camera. In some embodiments, the 
computing device might only contain one imaging element, 
and in other embodiments the computing device might con 
tain several imaging elements. Each image capture element 
may be, for example, a camera, a charge-coupled device 
(CCD), a motion detection sensor, or an infrared sensor, 
among many other possibilities. If there are multiple image 
capture elements on the computing device, the image capture 
elements may be of different types. In some embodiments, at 
least one imaging element can include at least one wide-angle 
optical element, such as a fish eye lens, that enables the 
camera to capture images over a wide range of angles, such as 
180 degrees or more. Further, each image capture element can 
comprise a digital still camera, configured to capture Subse 
quent frames in rapid succession, or a video camera able to 
capture streaming video. 
The example computing device 700 also includes at least 

one microphone 706 or other audio capture device capable of 
capturing audio data, such as words or commands spoken by 
a user of the device. In this example, a microphone 706 is 
placed on the same side of the device as the display Screen 
702, such that the microphone will typically be better able to 
capture words spoken by a user of the device. In at least some 
embodiments, a microphone can be a directional microphone 
that captures sound information from Substantially directly in 
front of the microphone, and picks up only a limited amount 
of sound from other directions. It should be understood that a 
microphone might be located on any appropriate Surface of 
any region, face, or edge of the device in different embodi 
ments, and that multiple microphones can be used for audio 
recording and filtering purposes, etc. 
The example computing device 700 also includes at least 

one orientation sensor 708, Such as a position and/or move 
ment-determining element. Such a sensor can include, for 
example, an accelerometer or gyroscope operable to detect an 
orientation and/or change in orientation of the computing 
device, as well as Small movements of the device. An orien 
tation sensor also can include an electronic or digital com 
pass, which can indicate a direction (e.g., north or South) in 
which the device is determined to be pointing (e.g., with 
respect to a primary axis or other Such aspect). An orientation 
sensor also can include or comprise a global positioning 
system (GPS) or similar positioning element operable to 
determine relative coordinates for a position of the computing 
device, as well as information about relatively large move 
ments of the device. Various embodiments can include one or 
more Such elements in any appropriate combination. As 
should be understood, the algorithms or mechanisms used for 
determining relative position, orientation, and/or movement 
can depend at least in part upon the selection of elements 
available to the device. 

FIG. 8 illustrates a logical arrangement of a set of general 
components of an example computing device 800 Such as the 
device 700 described with respect to FIG. 7. In this example, 
the device includes a processor 802 for executing instructions 
that can be stored in a memory device or element 804. As 
would be apparent to one of ordinary skill in the art, the device 
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can include many types of memory, data storage, or non 
transitory computer-readable storage media, such as a first 
data storage for program instructions for execution by the 
processor 802, a separate storage for images or data, a remov 
able memory for sharing information with other devices, etc. 5 
The device typically will include some type of display ele 
ment 806. Such as a touch screen or liquid crystal display 
(LCD), although devices such as portable media players 
might convey information via other means, such as through 
audio speakers. As discussed, the device in many embodi- 10 
ments will include at least one image capture element 808 
Such as a camera or infrared sensor that is able to image 
projected images or other objects in the vicinity of the device. 
Methods for capturing images or video using a camera ele 
ment with a computing device are well known in the art and 15 
will not be discussed herein in detail. It should be understood 
that image capture can be performed using a single image, 
multiple images, periodic imaging, continuous image captur 
ing, image streaming, etc. Further, a device can include the 
ability to start and/or stop image capture. Such as when receiv- 20 
ing a command from a user, application, or other device. The 
example device similarly includes at least one audio capture 
component 812. Such as a mono or stereo microphone or 
microphone array, operable to capture audio information 
from at least one primary direction. A microphone can be a 25 
uni- or omni-directional microphone as known for Such 
devices. 

In some embodiments, the computing device 800 of FIG. 8 
can include one or more communication elements (not 
shown), such as a Wi-Fi, Bluetooth, RF, wired, or wireless 30 
communication system. The device in many embodiments 
can communicate with a network, such as the Internet, and 
may be able to communicate with other such devices. In some 
embodiments the device can include at least one additional 
input device able to receive conventional input from a user. 35 
This conventional input can include, for example, a push 
button, touch pad, touch screen, wheel, joystick, keyboard, 
mouse, keypad, or any other Such device or element whereby 
a user can input a command to the device. In some embodi 
ments, however, Such a device might not include any buttons 40 
at all, and might be controlled only through a combination of 
visual and audio commands, such that a user can control the 
device without having to be in contact with the device. 
The device 800 also can include at least one orientation or 

motion sensor 810. As discussed. Sucha sensor can include an 45 
accelerometer or gyroscope operable to detect an orientation 
and/or change in orientation, or an electronic or digital com 
pass, which can indicate a direction in which the device is 
determined to be facing. The mechanism(s) also (or alterna 
tively) can include or comprise a global positioning system 50 
(GPS) or similar positioning element operable to determine 
relative coordinates for a position of the computing device, as 
well as information about relatively large movements of the 
device. The device can include other elements as well, such as 
may enable location determinations through triangulation or 55 
another Such approach. These mechanisms can communicate 
with the processor 802, whereby the device can perform any 
of a number of actions described or suggested herein. 
As an example, a computing device Such as that described 

with respect to FIG. 7 can capture and/or track various infor- 60 
mation for a user over time. This information can include any 
appropriate information, Such as location, actions (e.g., send 
ing a message or creating a document), user behavior (e.g., 
how often a user performs a task, the amount of time a user 
spends on a task, the ways in which a user navigates through 65 
an interface, etc.), user preferences (e.g., how a user likes to 
receive information), open applications, Submitted requests, 

10 
received calls, and the like. As discussed above, the informa 
tion can be stored in Such away that the information is linked 
or otherwise associated whereby a user can access the infor 
mation using any appropriate dimension or group of dimen 
sions. 
As discussed, different approaches can be implemented in 

various environments in accordance with the described 
embodiments. For example, FIG. 9 illustrates an example of 
an environment 900 for implementing aspects in accordance 
with various embodiments. As will be appreciated, although a 
Web-based environment is used for purposes of explanation, 
different environments may be used, as appropriate, to imple 
ment various embodiments. The system includes an elec 
tronic client device 902, which can include any appropriate 
device operable to send and receive requests, messages or 
information over an appropriate network 904 and convey 
information back to a user of the device. Examples of such 
client devices include personal computers, cellphones, hand 
held messaging devices, laptop computers, set-top boxes, 
personal data assistants, electronic book readers and the like. 
The network can include any appropriate network, including 
an intranet, the Internet, a cellular network, a local area net 
work or any other such network or combination thereof. Com 
ponents used for Such a system can depend at least in part 
upon the type of network and/or environment selected. Pro 
tocols and components for communicating via Such a net 
work are well known and will not be discussed herein in 
detail. Communication over the network can be enabled via 
wired or wireless connections and combinations thereof. In 
this example, the network includes the Internet, as the envi 
ronment includes a Web server 906 for receiving requests and 
serving content in response thereto, although for other net 
works an alternative device serving a similar purpose could be 
used, as would be apparent to one of ordinary skill in the art. 
The illustrative environment includes at least one applica 

tion server 908 and a data store 910. It should be understood 
that there can be several application servers, layers or other 
elements, processes or components, which may be chained or 
otherwise configured, which can interact to perform tasks 
Such as obtaining data from an appropriate data store. As used 
herein the term “data store” refers to any device or combina 
tion of devices capable of storing, accessing and retrieving 
data, which may include any combination and number of data 
servers, databases, data storage devices and data storage 
media, in any standard, distributed or clustered environment. 
The application server can include any appropriate hardware 
and Software for integrating with the data store as needed to 
execute aspects of one or more applications for the client 
device and handling a majority of the data access and business 
logic for an application. The application server provides 
access control services in cooperation with the data store and 
is able to generate content Such as text, graphics, audio and/or 
video to be transferred to the user, which may be served to the 
user by the Web server in the form of HTML, XML or another 
appropriate structured language in this example. The han 
dling of all requests and responses, as well as the delivery of 
content between the client device 902 and the application 
server 908, can be handled by the Web server 906. It should be 
understood that the Web and application servers are not 
required and are merely example components, as structured 
code discussed herein can be executed on any appropriate 
device or host machine as discussed elsewhere herein. 
The data store 910 can include several separate data tables, 

databases or other data storage mechanisms and media for 
storing data relating to a particular aspect. For example, the 
data store illustrated includes mechanisms for storing produc 
tion data 912 and user information 916, which can be used to 
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serve content for the production side. The data store also is 
shown to include a mechanism for storing log or session data 
914. It should be understood that there can be many other 
aspects that may need to be stored in the data store, such as 
page image information and access rights information, which 
can be stored in any of the above listed mechanisms as appro 
priate or in additional mechanisms in the data store 910. The 
data store 910 is operable, through logic associated therewith, 
to receive instructions from the application server 908 and 
obtain, update or otherwise process data in response thereto. 
In one example, a user might Submit a search request for a 
certain type of element. In this case, the data store might 
access the user information to verify the identity of the user 
and can access the catalog detail information to obtain infor 
mation about elements of that type. The information can then 
be returned to the user, such as in a results listing on a Web 
page that the user is able to view via a browser on the user 
device 902. Information for a particular element of interest 
can be viewed in a dedicated page or window of the browser. 

Each server typically will include an operating system that 
provides executable program instructions for the general 
administration and operation of that server and typically will 
include computer-readable medium storing instructions that, 
when executed by a processor of the server, allow the server 
to perform its intended functions. Suitable implementations 
for the operating system and general functionality of the 
servers are known or commercially available and are readily 
implemented by persons having ordinary skill in the art, par 
ticularly in light of the disclosure herein. 

The environment in one embodiment is a distributed com 
puting environment utilizing several computer systems and 
components that are interconnected via communication links, 
using one or more computer networks or direct connections. 
However, it will be appreciated by those of ordinary skill in 
the art that such a system could operate equally well in a 
system having fewer or a greater number of components than 
are illustrated in FIG.9. Thus, the depiction of the system 900 
in FIG.9 should be taken as being illustrative in nature and not 
limiting to the scope of the disclosure. 
As discussed above, the various embodiments can be 

implemented in a wide variety of operating environments, 
which in some cases can include one or more user computers, 
computing devices, or processing devices which can be used 
to operate any of a number of applications. User or client 
devices can include any of a number of general purpose 
personal computers, such as desktop or laptop computers 
running a standard operating system, as well as cellular, wire 
less, and handheld devices running mobile Software and 
capable of supporting a number of networking and messaging 
protocols. Such a system also can include a number of work 
stations running any of a variety of commercially-available 
operating systems and other known applications for purposes 
Such as development and database management. These 
devices also can include other electronic devices. Such as 
dummy terminals, thin-clients, gaming systems, and other 
devices capable of communicating via a network. 

Various aspects also can be implemented as part of at least 
one service or Web service, such as may be part of a service 
oriented architecture. Services such as Web services can com 
municate using any appropriate type of messaging, Such as by 
using messages in extensible markup language (XML) for 
mat and exchanged using an appropriate protocol Such as 
SOAP (derived from the “Simple Object Access Protocol). 
Processes provided or executed by such services can be writ 
ten in any appropriate language. Such as the Web Services 
Description Language (WSDL). Using a language Such as 
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WSDL allows for functionality such as the automated gen 
eration of client-side code in various SOAP frameworks. 
Most embodiments utilize at least one network that would 

be familiar to those skilled in the art for Supporting commu 
nications using any of a variety of commercially-available 
protocols, such as TCP/IP. OSI, FTP, UPnP NFS, CIFS, and 
AppleTalk. The network can be, for example, a local area 
network, a wide-area network, a virtual private network, the 
Internet, an intranet, an extranet, a public Switched telephone 
network, an infrared network, a wireless network, and any 
combination thereof. 

In embodiments utilizing a Web server, the Web server can 
run any of a variety of server or mid-tier applications, includ 
ing HTTP servers, FTP servers, CGI servers, data servers, 
Java servers, and business application servers. The server(s) 
also may be capable of executing programs or Scripts in 
response requests from user devices, such as by executing one 
or more Web applications that may be implemented as one or 
more scripts or programs written in any programming lan 
guage, such as Java R., C, C# or C++, or any scripting lan 
guage, such as Perl, Python, or TCL, as well as combinations 
thereof. The server(s) may also include database servers, 
including without limitation those commercially available 
from Oracle(R, Microsoft(R), Sybase(R), and IBM(R). 
The environment can include a variety of data stores and 

other memory and storage media as discussed above. These 
can reside in a variety of locations, such as on a storage 
medium local to (and/or resident in) one or more of the 
computers or remote from any or all of the computers across 
the network. In a particular set of embodiments, the informa 
tion may reside in a storage-area network ("SAN) familiar to 
those skilled in the art. Similarly, any necessary files for 
performing the functions attributed to the computers, servers, 
or other network devices may be stored locally and/or 
remotely, as appropriate. Where a system includes comput 
erized devices, each Such device can include hardware ele 
ments that may be electrically coupled via abus, the elements 
including, for example, at least one central processing unit 
(CPU), at least one input device (e.g., a mouse, keyboard, 
controller, touch screen, or keypad), and at least one output 
device (e.g., a display device, printer, or speaker). Such a 
system may also include one or more storage devices, such as 
disk drives, optical storage devices, and solid-state storage 
devices such as random access memory (“RAM) or read 
only memory (“ROM), as well as removable media devices, 
memory cards, flash cards, etc. 

Such devices also can include a computer-readable storage 
media reader, a communications device (e.g., a modem, a 
network card (wireless or wired), an infrared communication 
device, etc.), and working memory as described above. The 
computer-readable storage media reader can be connected 
with, or configured to receive, a computer-readable storage 
medium, representing remote, local, fixed, and/or removable 
storage devices as well as storage media for temporarily 
and/or more permanently containing, storing, transmitting, 
and retrieving computer-readable information. The system 
and various devices also typically will include a number of 
Software applications, modules, services, or other elements 
located within at least one working memory device, including 
an operating system and application programs, such as a 
client application or Web browser. It should be appreciated 
that alternate embodiments may have numerous variations 
from that described above. For example, customized hard 
ware might also be used and/or particular elements might be 
implemented in hardware, Software (including portable soft 
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ware, such as applets), or both. Further, connection to other 
computing devices Such as network input/output devices may 
be employed. 

Storage media and computer readable media for containing 
code, or portions of code, can include any appropriate media 
known or used in the art, including storage media and com 
munication media, Such as but not limited to volatile and 
non-volatile, removable and non-removable media imple 
mented in any method or technology for storage and/or trans 
mission of information Such as computer readable instruc 
tions, data structures, program modules, or other data, 
including RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disk (DVD) 
or other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which can be used to store the desired 
information and which can be accessed by the a system 
device. Based on the disclosure and teachings provided 
herein, a person of ordinary skill in the art will appreciate 
other ways and/or methods to implement the various embodi 
mentS. 
The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. It 
will, however, be evident that various modifications and 
changes may be made thereunto without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. 
What is claimed is: 
1. A computer-implemented method, comprising: 
capturing video information using a camera of a computing 

device, the video information showing at least a portion 
of a mouth area of a user of the computing device: 

capturing audio information using a microphone of the 
computing device, the audio information including 
Voice data generated by the user and an amount of noise; 

processing the video information to determine a movement 
of the portion of the mouth area of the user; 

applying noise reduction to the audio information to gen 
erate modified audio information that corresponds to a 
reduction of at least a portion of the noise; 

transmitting, over a communication network, the modified 
audio information; 

determining that the movement of the portion of the mouth 
area does not correspond to user speech; and 

causing at least one of capturing the audio information, 
applying the noise reduction, or transmitting the modi 
fied audio information to cease being performed for at 
least a period of time. 

2. The computer-implemented method of claim 1, wherein 
determining that the movement of the portion of the mouth 
area does not correspond to the user speech includes: 

comparing the video information to one or more mouth 
area movement models that are characteristic of speech. 

3. The computer-implemented method of claim 1, wherein 
the portion of the mouth area includes at least one of a mouth, 
a lip, a tongue, a chin, ajaw, a tooth, or facial hair of the user. 

4. A computer-implemented method, comprising: 
receiving image information showing at least a portion of a 

face of a user of a computing device; 
receiving audio information corresponding to the image 

information; 
processing the image information to determine a move 
ment of the portion of the face of the user; 

applying noise reduction to the audio information to gen 
erate modified audio information; 

determining that the movement of the portion of the face of 
the user does not correspond to communication; and 
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causing at least one of receiving the audio information or 

applying the noise reduction to cease being performed 
for at least a period of time. 

5. The computer-implemented method of claim 4, wherein 
the portion of the face of the user comprises a portion of a 
mouth area of the user. 

6. The computer-implemented method of claim 4, further 
comprising: 

transmitting, over a communication network, the modified 
audio information. 

7. The computer-implemented method of claim 4, wherein 
the image information is received from at least one image 
capture component of the computing device and the audio 
information is received from at least one audio capture com 
ponent of the computing device. 

8. The computer-implemented method of claim 5, further 
comprising: 

reducing an audio level of the audio information based on 
determining that the movement of the portion of the 
mouth area does not correspond to oral communication. 

9. The computer-implemented method of claim 5, wherein 
determining that the movement of the portion of the mouth 
area does not correspond to oral communication includes: 

comparing the image information to one or more mouth 
area movement models that are characteristic of oral 
communication. 

10. The computer-implemented method of claim 9. 
wherein the one or more mouth area movement models are 
generated based at least in part upon one or more historical 
movements of the user. 

11. The computer-implemented method of claim 4, 
wherein the noise reduction is automatically adjusted based at 
least in part on quality of the audio information relative to 
quality of noise in the audio information. 

12. The computer-implemented method of claim 5, further 
comprising: 

performing Voice transcription based at least in part upon 
comparing the movement of the portion of the mouth 
area to one or more mouth area movement models that 
are each characteristic of one or more phonemes. 

13. The computer-implemented method of claim 5, 
wherein a beginning of the movement of the portion of the 
mouth area of the user correlates to a beginning of sound from 
a mouth of the user. 

14. The computer-implemented method of claim 4, 
wherein the oral communication is associated with at least 
one of a phone call, a video chat, a Voice message, speech 
recognition, Voice transcription, or Voice dictation. 

15. The computer-implemented method of claim 4, 
wherein the oral communication utilizes at least one of a 
headset mode, a handset mode, a speaker-phone mode, or a 
hands-free mode. 

16. The computer-implemented method of claim 4, 
wherein processing the video information and applying the 
noise reduction are performed via cloud computing. 

17. A computing device, comprising: 
at least one image capture component configured to cap 

ture image information; 
at least one audio capture component configured to capture 

audio information; 
a processor; and 
a memory device including instructions that, upon being 

executed by the processor, cause the computing device 
tO: 

receive image information showing at least a portion of 
a face of a user of the computing device from the at 
least one image capture component; 
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receive audio information corresponding to the image 
information from the at least one audio capture com 
ponent; 

process the image information to determine a movement 
of the portion of the face of the user; 

apply noise reduction to the audio information to gener 
ate modified audio information; 

determine that the movement of the portion of the face of 
the user does not correspond to oral communication; 
and 

cause at least one of ceasing to receive the audio infor 
mation or ceasing to apply the noise reduction for at 
least a period of time. 

18. The computing device of claim 17, wherein the portion 
of the face of the user comprises a portion of a mouth area of 
the user. 

19. The computing device of claim 18, wherein the instruc 
tions that cause the computing device to determine that the 
movement of the portion of the mouth area does not corre 
spond to oral communication include causing the computing 
device to: 

compare the image information to one or more mouth area 
movement models that are characteristic of oral commu 
nication. 

20. The computing device of claim 19, further comprising: 
a model library configured to store the one or more mouth 

area movement models that are characteristic of oral 
communication. 

21. The computing device of claim 17, further comprising: 
a speaker configured to play audio outputted by the com 

puting device, wherein the audio outputted by the com 
puting device via the speaker contributes to noise in the 
audio information received from the at least one audio 
capture component. 
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22. A non-transitory computer-readable storage medium 

including instructions that, upon being executed by a proces 
sor of a computing device, cause the computing device to: 

receive image information showing at least a portion of a 
face of a user of the computing device; 

receive audio information corresponding to the image 
information; 

process the image information to determine a movement of 
the portion of the face of the user; 

apply noise reduction to the audio information to generate 
modified audio information; 

determine that the movement of the portion of the face of 
the user does not correspond to oral communication; and 

cause at least one of ceasing to receive the audio informa 
tion or ceasing to apply the noise reduction for at least a 
period of time. 

23. The non-transitory computer-readable storage medium 
of claim 22, wherein the portion of the face of the user 
comprises a portion of a mouth area of the user. 

24. The non-transitory computer-readable storage medium 
of claim 23, wherein the instructions that cause the computing 
device to determine that the movement of the portion of the 
mouth area does not correspond to oral communication 
include causing the computing device to: 
compare the image information to one or more mouth area 
movement models that are characteristic of oral commu 
nication. 

25. The non-transitory computer-readable storage medium 
of claim 23, wherein the noise reduction is automatically 
adjusted based at least in part on quality of the audio infor 
mation relative to quality of noise in the audio information. 
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